incentive for farmers to present their animals for weekly inspection and disease interventions, the South African government has traditionally provided the means and infrastructure for tick control in communal farming areas such as these. Babesia bovis, the cause of Asiatic babesiosis or redwater, Babesia bigemina, the cause of African babesiosis or redwater and Anaplasma marginale, the cause of gallsickness or anaplasmosis, are all tick-borne parasites of major economic importance in southern Africa (Norval 1994) .
Confirmed vectors of B. bigemina are Rhipicephalus (Boophilus) decoloratus and Rhipicephalus (Boophilus) microplus (nomenclature according to Horak, Camicas & Keirans 2002) , while B. bovis is transmitted only by the latter tick species. The parasites are widespread in South Africa, except in very low rainfall areas, coinciding with the distribution of their tick vectors; B. bigemina being more widespread than B. bovis which occurs mainly in high rainfall areas. Young animals commonly harbour a clinically inapparent form of the redwater while acute, nonfatal infections in adult cattle become latent. European cattle breeds are more susceptible to the disease than indigenous breeds but a high mortality rate may occur in Sanga and Zebu breeds (De Vos & Potgieter 1994) . All cattle breeds develop latent infections after recovery from the disease. However, European breeds may retain B. bovis infections for life, remaining infective for ticks for up to 2 years while Zebu types lose this infection within 2 years. Babesia bigemina infections rarely persist for more than 1 year in any cattle breed and only remain infective for ticks for 4-7 weeks (De Vos & Potgieter 1994) . Anaplasmosis in cattle is arthropod-borne and caused by Anaplasma marginale, an obligate intra-erythrocytic rickettsia. Haematophagous insects and iatrogenic means may mechanically transmit the parasites and biological transmission is by ixodid ticks.
Rhipicephalus (B.) decoloratus has been considered the most important vector because disease occurrence mainly coincides with the distribution of this tick species. Four other tick species, R. (B.) microplus, Rhipicephalus simus, Rhipicephalus evertsi evertsi and Hyalomma marginatum rufipes have been shown to be capable of experimental transmission of anaplasmosis, their distribution overlapping that of R. (B.) decoloratus (De Vos & Potgieter 1994; Potgieter & Stoltsz 1994) . Clinically, anaplasmosis ranges from inapparent infection to severe disease and high mortality, being characterized by fever, progressive anaemia and icterus. Animals that are subclinically infected or that recover from the disease usually remain carriers of the parasite for life (Potgieter & Stoltsz 1994) .
Owing to budgetary constraints and political reforms government subsidization of cattle dipping was suspended in certain provinces, including Limpopo Province, between 1994 and 2002 resulting in farmers having to supply their own acaricides instead of relying on the local Veterinary Services for the provision of free-dipping materials as they had done in the past. By investigating the spatio-temporal patterns of the prevalence of B. bovis, B. bigemina and A. mar ginale between 2001 and 2003 in the 'buffer zone with vaccination', this study aimed to determine whether these regional changes in tick control measures had affected the seroprevalence of these three diseases, and to investigate by means of a questionnaire the perceptions of local farmers regarding ticks and tick-borne diseases.
MATERIALS AND METHODS

Study area
A longitudinal study was designed to investigate spatio-temporal variation in the seroprevalence of B. bovis, B. bigemina and A. marginale antibodies in cattle in the FMD buffer zone adjoining South Africa's KNP. The park is situated in the north-east part of the country and spans two provinces-Limpopo to the north and Mpumalanga to the south. At the time of the study, the Veterinary Services in Mpumalanga were responsible for providing all dipping materials and maintaining dipping facilities, while in Limpopo, farmers in 'the buffer zone without vaccination' were expected to supply their own acaricides. However, following changes in local departmental policy and availability of funds, farmers in both provinces are at present being supplied with free acaricides.
Recruitment of study population and sample collection
Twenty-five of the 121 diptanks in the whole buffer zone (the areas with and without FMD vaccination) were selected by stratified random sampling to participate in the study (14 in Limpopo and 11 in Mpumalanga). Participating herd owners were chosen randomly at each diptank, and between 30 and 40 animals of varying ages were randomly selected per owner at each diptank. The original intention was to sample 30 animals older and ten younger than 2 years of age at each diptank. However, this proved impossible to do as the younger age-group was either absent from, or poorly represented at the diptanks, resulting in insufficient data to allow for any meaningful comparison between age-groups. Therefore, approximately 40 animals, of any age, were sam pled from each diptank. Cattle were sampled once a year between April and August, from 2001 to 2003. Blood was collected in 10 ml sterile, plain vacuum tubes, using a 20-gauge needle from the caudal vein in adult cattle and the jugular in calves while the animals were restrained in a crush. At the laboratory, the tubes were centrifuged, the serum decanted and the sera were frozen and stored for later analysis. Each sampled animal received an ear-tag with a unique identification number. Un fortunately, due to loss of ear-tags, sale of animals, death or absenteeism it was not always possible to sample the same animals each year, particularly by the third year of the study, and new animals had to be recruited from each owner to ensure that 40 animals, or as close to the number as was practical, were sampled.
Questionnaire completion
Each owner of a sampled herd completed a questionnaire providing data on their herd, dipping practices, their general perception of ticks and tick-borne diseases and the number of animals that had died from a tick-borne disease, giving a total of 72 questionnaires. Only those animals where cause of death was confirmed by blood smear were accepted as having died of a tick-borne disease. Certain questions were only addressed to the Mpumalanga herdsmen on request of the Directorate of Veterinary Services who required the information for a separate study.
Laboratory analyses
The standard indirect fluorescent antibody test (IFA) as described by Joyner, Donnely, Payner & Brocklesby (1972) 
Statistical analysis
To account for clustering at the provincial and diptank levels, both serological and questionnaire data were analysed using Stata's survey command series (Intercooled Stata 7.0 for Windows (Stata Corporation, College Station, TX)), with province as the stratification variable and diptank (or diptank group) as the cluster (primary sampling unit) variable. Diptanks were grouped according to proximity resulting in seven diptank groups (five in Limpopo and two in Mpumalanga; Fig. 1 ). Questionnaire data were evaluated using contingency tables to identify significant differences in dipping frequency between provinces and in the number of deaths due to anaplasmosis or babesiosis between provinces. Serological data were analysed using contingency tables to identify significant differences in seroprevalence within years and between provinces. Logistic regression with province, diptank (or diptank group) and year as independent variables, was used to identify risk factors 
RESULTS
Questionnaire study
Of the 72 herdsmen who completed the questionnaire, the majority owned herds comprised of Nguni crossbreeds (41, 57 %), Nguni cattle (14, 19 %), or a mixture of the two (4, 6 %), while five herds (7 %) comprised Brahmin crossbreeds. Herd size varied from 3 to 198 animals with a mean herd size of 43 animals (SD 42.9). Seven of the 72 herdsmen (10 %) farmed only cattle. All other respondents kept chickens either alone (29 of the herdsmen, 40 %), or in combination with goats (24, 33.3 %), sheep (2, 3 %) or goats and sheep (12, 17 %).
Sixty-three of the 72 herdsmen (88 %) were aware that they were required by law to dip their cattle. However, all respondents agreed that dipping was good for their animals, although opinions varied as to why it was advantageous with most being of the opinion that it had more than one benefit. Sixty-five (90 %) felt that it protected against diseases transmitted by ticks, 58 (81 %) that it prevented damage to cow's teats, and 54 (75 %) that it prevented damage to hides, while 43 (60 %) said that the animals looked clean after dipping and 13 (18 %) admitted to dipping in order to avoid getting into trouble with the government. Fifty-six of the herdsmen (78 %) felt that those who failed to bring their cattle for regular dipping should be fined.
There was a significant difference between provinces in summer dipping frequency (Chi = 4.3, df = 1, P = 0.04) with just over 80 % of Mpumalanga farmers dipping once a week in summer, although this figure rose to almost 100 % in Limpopo Province (Table 1) . Sixty-four (89 %) of the farmers said they dipped all their cattle, while one (1 %) admitted to dipping only part of his herd. However, 65 (88 %) of the respondents felt that their animals would get sick if not dipped, yet only 53 (82 %) of these said that if for some reason the diptank was closed they would buy acaricide in order to treat their animals. The remainder were content to wait until the diptank reopened, even if this took a few months.
Mpumalanga and Limpopo herdsmen appeared equally aware of alternative methods of tick control.
The most well-known alternative form of treatment was hand-spraying (48, 67 %), followed by pour-on remedies (32, 44 %), spray-races (12, 17 %), handdeticking (10, 14 %), used motor oil (5, 7 %), disinfectant (1, 1 %) and traditional medication (1, 1 %). Twenty-three (32 %) of the herdsmen questioned preferred one or more of these alternative methods of tick control to dipping due to ease of administration (10, 43 %), efficacy (5, 22 %) or cost (3, 13 %). General consensus as to how long it would take an animal to get sick after being bitten by a tick varied. A quarter of respondents (18 people) thought that it would take less than 15 days, 14 (19 %) did not know, 11 (15 %) felt it would take between 16 and 28 days, 9 (13 %) that it would take 1-2 months, and 2 (3 %) thought it would take more than 2 months.
Mpumalanga herdsmen were asked whether it was the presence of ticks on an animal that caused it to become sick or whether it was due to diseases carried by the ticks. Four (11 %) felt that it was the presence of the tick while eight (23 %) answered that it was due to diseases carried by the parasites. However, 17 (49 %) felt that it was due to a combination of the two, and two (6 %) did not know. Twelve of the Mpumalanga herdsmen (34 %) agreed that only one tick was necessary to make an animal sick, while the rest either did not know (8, 23 %) or felt that it re quired a number of ticks, although the actual amount varied. Five (14 %) thought 2-5 ticks were needed, four (11 %) thought that 6-15 were necessary, while one (3 %) herdsman thought it required 16-30 parasites and another (3 %), that it required more than 30. (97) 26 (72) 1 (3) 10 (28) 28 (82) 27 (79) 6 (18) 7 (21) Only nine (26 %) of the Mpumalanga herdsmen felt that they were solely responsible for the health of their cattle. Five (14 %) thought the government was responsible while 17 (49 %) felt the responsibility fell jointly on them and the government. At the time of the study dipping was free of charge in Mpumalanga. The herdsmen were therefore asked what they would do if required to pay R0.50 (approximately US$0.08) per animal to cover the cost of each dipping. Only 12 (34 %) said that they would pay the R0.50 and continue to bring all their animals, five (14 %) responded that they would stop bringing their animals, four (11 %) would dip only if their cattle had ticks, two (6 %) said they would only bring some cattle for dipping and one person (3 %) said they would dip their cattle less frequently.
Thirty-two (91 %) of the Mpumalanga herdsmen were satisfied with the current dipping system, yet only 18 (49 %) of the Limpopo herdsmen felt the same way, citing poor efficacy of the dipping chemical (11, 61 %), lack of dipping chemical (4, 22 %) and inability to afford their own acaricide (4, 22 %) as reasons for dissatisfaction. There was no significant difference in the number of herds that experienced deaths due to either babesiosis (six herds) or anaplasmosis (seven herds) at the province level.
Seroprevalence study
Serology data was analysed at both the provincial and diptank group level. There was no significant difference in seroprevalence of B. bovis between the two provinces for any of the 3 years. In Mpu malanga, the proportion of animals testing seropositive for B. bovis decreased slightly over the 3 years (51.4-48.1 %), but increased in Limpopo from 44.2 to 59.7 % (Table 2 ). There was a significant difference in the seroprevalence of B. bigemina between the two provinces in 2003; 33.1 % of animals tested positive in Limpopo while only 17.1 % tested positive in Mpumalanga (Chi = 28.8, df = 1, P = 0.01; Table 2 ). In Mpumalanga, seroprevalence of B. bigemina halved during the study period (35.6-17.6 %) and decreased in Limpopo from 46.6 to 33.1 % ( Table 2 ). There was a significant difference in seroprevalence of A. marginale between the two provinces in 2001; 75.1 % of animals tested positive in Mpumalanga while 58.6 % tested positive in Limpopo (Chi = 26.9, df = 1, P = 0.05; Table 2 ). In Mpumalanga, mean seroprevalence of A. marginale fluctuated but was over 75 % for 2 of the 3 years, while in Limpopo the proportion of seropositive animals increased during the trial period from 58.6 to 78.4 % ( Table  2 ).
The proportion of animals seropositive for B. bovis differed significantly between diptank groups for each of the 3 years, although no diptank group exhibited a consistently high or low seroprevalence during the study period (Table 3) . Between 2001 and 2003, the proportion of animals seropositive to B. bovis decreased slightly in four of the diptank groups. The proportion of animals seropositive for B. bigemina also differed significantly between diptank groups for each of the 3 years, with Diptank Groups 5 and 6 displaying consistently low seroprevalences for the disease (Table 3) Logistic regression revealed that none of the risk factors, year, province, diptank (or diptank group), were significantly associated with the prevalence of B. bovis. However, year was significantly associated with both A. marginale (P = 0.006) and B. bigemina (P = 0.001), while diptank group was a significant risk factor for B. bigemina (P = 0.018) ( Table 4) .
DISCUSSION
Anaplasma marginale was the most prevalent of the three potentially disease-causing blood parasites studied and the number of animals testing positive for it increased in both provinces between 2001 and 2003, although this increase was almost three times greater in Limpopo than in Mpumalanga (19.8 versus 6.8 %, respectively). Between 2001 and 2003 the seroprevalence of B. bovis decreased very slightly in Mpumalanga from 51.4 to 48.1 % but increased in Limpopo from 44.2 to 59.7 %. Babesia bigemina was the least prevalent of the three parasites in both provinces and was the only one for which the proportion of seropositive animals decreased markedly over the 3 years, achieving a mean seroprevalence of 17.6 % in Mpumalanga by 2003 and 33.1 % in Limpopo. Although seroprevalence of A. marginale and B. bovis increased in both provinces during the study period, the greater increase observed in Limpopo, where farmers were expected to supply their own acaricides, suggests that this was due to the removal of government-subsidised dipping, although the antibody seroprevalence of Anaplasma may have been additionally influenced by increased mechanical transmission by biting flies.
Of the 72 farmers who completed the questionnaire, 71 claimed to dip all cattle every week in summer. However, as replies to the questionnaire revealed local knowledge of ticks and tick-borne diseases to be highly variable and sometimes incorrect, farmers might not have been fully aware of the need for regular dipping and therefore, once expected to provide their own acaricides, might not have been dipping as often as they said they were. It is interesting to note that over 60 % of the questionnaire respondents felt that either the government was responsible for the health of their cattle, or that they and the government were jointly responsible. Although this question was only addressed to the Mpumalanga herdsmen, it is likely that the farmers in Limpopo were of the same opinion. Thus, if the herdsmen felt that it was the province's duty to provide free acaricides, they may have resisted supplying their own. Although the Veterinary Service in Limpopo has re- Based on a study of bovine babesiosis in Zimbabwe, Norval, Fivaz, Lawrence & Daillecourt (1983) defined the following five epidemiological situations on the basis of the frequency of occurrence of serological positives and disease history: Table 2 ). The remainder displayed an endemically unstable situation. As regards the seven diptank groups during 2003 (Table 3) , only Diptank Groups 5 (Limpopo) and 6 (Mpumalanga), established a minimal disease situation for B. bigemina. Diptank Groups 2 and 3 (Limpopo) were in a situation approaching endemic stability for B. bovis, while all other groups were endemically unstable for both Babesia species, the latter situation being indicative of high risk of clinical disease (Norval et al. 1983 ) and a probable cause for concern should dipping be disrupted in any way.
CONCLUSION
Seroprevalence of A. marginale and B. bovis increased during the study period and for both parasites this increase was greater in Limpopo where farmers had to supply their own acaricide than in Mpumalanga where dipping materials were provided by the local provincial Veterinary Services, suggesting that regional differences in dipping policy may have affected the seroprevalence of these two diseases. Conversely, the number of animals testing positive for B. bigemina decreased during the study period, particularly in Mpumalanga. The contradictory behaviour of this parasite may be the result of vector displacement rather than more effective tick control measures. Responses to a ques tion naire on ticks and tick-borne diseases revealed local knowledge on the subject to be highly variable and sometimes incorrect.
